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PREFACE 


The Conferences on Citrus Chemistry and Utilization are sponsored by 
the Southeastern Marketing and Nutrition Research Division of USDA's 
Agricultural Research Service to report research developments in the 
broad area of processing, marketing, and utilization, and to provide 
for exchange of information that will benefit the industry and future 
research. 


This report summarizes the statements of the various speakers during 
the Conference. If further details are desired regarding any subject 
presented here, they may be obtained by communicating with the author 
concerned. 


C. H. H. NEUFELD, Director 
Southeastern Marketing and 
Nutrition Research Division 


PROGRAM COMMITTEE : 
M. K. Veldhuis, Chairman 
W. F. Talburt 
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THE CHEMICAL EVALUATION OF OFF-FLAVOR DEVELOPMENT IN STORED CITRUS JUICE 
Howard L. Dinsmore, Harold E. Nordby and Steven Nagy 


Southeastern Marketing and Nutrition Research Division 
Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


Off-flavor in citrus products has been considered to arise mainly from 
temperature-promoted hydration and oxidation reactions on terpene and lipid 
constituents. While many specific chemical changes have been identified, 
there has remained a need for an analysis which would correlate closely with 
off-flavor and moreover would be sensitive enough to detect its onset at a 
very early stage during storage of bottled juice. We have been investigating 
two different approaches to finding an off-flavor index: gas-liquid chroma- 
tography of juice volatiles and colorimetric analysis. In principal these 
approaches are opposite. The gas-liquid chromatogram (gle) is virtually a 
total analysis; ultimately it will show every detail of chemical change during 
storage. By contrast, a colorimetric method will monitor only one key sub- 
stance, or class of substances, related in some way to formation of off- 
flavor; it is not necessary that the index compound be itself an off-odor 
constituent. 


The glc study, which was at an early stage when reported at the 1970 Conference, 
has been improved and put on a quantitative basis, particularly through better 
control in the stripping and capture of volatiles. Commercially blended, 
glass-packed, single-strength orange juice was used in all these studies. 
Volatiles stripped from 500 ml of freshly opened juice by a stream of nitrogen 
were captured in a trap of cold solvent, methylene chloride, followed by two 
empty traps cooled by liquid nitrogen. The combined contents in methylene 
chloride were reduced on a rotoevaporator to about 0.2 ml for gle analysis. 
Temperature-programmed chromatograms, run in a uniform manner on 5 microliter 
samples, have verified the consistency of samples thus prepared, so that 
changes in gle patterns are real indications of compositional differences in 
juice samples. 


Over 40 peaks have been observed and their individual odors during exit 

from the chromatograph have been "sniffed." No single peak has had the 
characteristic off-odor of temperature-abused juice, although certain peaks 
exiting after limonene lack typically pleasant terpene odors. Of the 

several peaks (notably those numbered 29, 37 and 39) which became increasingly 
prominent with long, high-temperature storage, peak 37 showed particular pro- 
mise of being a sensitive indicator of juice deterioration. The intensity 

of this peak was measured relative to nearby peak 35 which remained substan- 
tially constant, and their consistent ratio of 1.69 for 40°-stored control 
juice was redefined as "one glc index unit of 37 peak." All relative increases 
in peak 37 intensity are conveniently expressed in this unit. 


It can be seen in Table 1 that all juice samples stored at higher temperatures 
show an increase in index units roughly proportional to both storage time and 
temperature. At about 2 index units off-flavor has been observed in most cases. 


norerivid. doeapna. 
VioJs oda! . 


mot? yinism epixve ot boxshieno> 
bigs! boo onoqiet a6 2sroldoesy nokiss 
bailisnebl mued sved copies Ieatans 
igtw yiseolo sisiertos Bluow doity elayisas 
8. 3g i9enho sik Joeseb oF ripcons: evitien 
pnisspisasvny need ayad ov sep ae . 
=smenio Bhuptt-eso :xobul sows ia f 
eneds” feqgteaiug ot . eteyieas i<denteaees ‘baie 
& vilehrsiy,2t {olp) TUS ADOT bytes 3529 biuerd ger oT = 7 
priavh opieds lestaods 20 Lined yiave Woke Liiw 72 yl oe 
“die you ono yinto ‘sotinen Uilw borzem atitomi solos sb FRE 
“I30 to notdsmrzot of vaw st6e unt betgist \eeone? 
tobo-220. ne Vises ac Sioqme> xebak sit Fant vie 


,20net—eTMOD OTEL af? 24 -botrodge: nedw opate Viass Aa 76. Sha aig xy 
seotzes iipuenmm -yvlialyaioriq .etdad VEZ. . . 
betmald: ylisiossenad ‘aaligetoul 
-@eibyye eeent fis ai bsew . 
nepostia Yo mseiza 2 yc eolet Bansgo y. 
ow? vd Bbewollict \ ab Len p sietyizan . 
ecelyditom- nt etnstno> besidnte sit 
tingians sip x02 ia &.0-aue os * 
tosiloxoia 2 co sett azolinu aonb a 
ser? of .Moxecerd eens asians ror 
fl zeonszeitib Lenolsteoqtes to ahol§solb 


jtxs paeiwwe siobs Lot pbk x 
att Had ead Anon olpnia ch "5st 

edeoy distress dyuodsik .soitt Sas 
oft 20 .ex0bS endgaas 4 
ylpniessxzont smaqedt | a 
“O79. Ly ceeabiae 2 


2 


However, it is hard to assign a precise off-flavor threshold with our limited 
data. Juice stored two weeks at 85° had 1.88 index units and an unmistakable 
off-flavor, while juice stored for nine weeks at 60° and having 2.45 index 
units was just slightly off-flavor, and the nine-week 50° juice with 2.04 
index units still tasted good. Probably the need to give more attention to 
our tasting methods is indicated; but whatever value of gle index may he 
agreed to show onset of off-flavor, the peak 37 intensitv seems to provide 

an excellent off-flavor indicator. Although compound 37 is more properly re- 
lated to off~flavor as an index of the level of those compounds which are 
more directly responsible, its chemical identification would be interesting, 
and we are now beginning that phase of this study. 


In our initial effort to find a colorimetric measure of juice deterioration, 
we sought to utilize the thiobarbituric acie (TBA) reaction, one of the widely 
used tests for rancidity in fish, meat and dairy products. Here the key sub~ 
stance is malonaldehyde, an intermediate in the autooxidation of livid poly~ 
unsaturates. This test turned out to be useless with juice. While satisfac~ 
tory recovery was obtained in distillates from juice spiked with added malon~ 
aldehyde, no TBA~reactives were recovered from any natural juice, good or 

bad; and the necessary acidic conditions for the procedure were borderline to 
promoting breakdown of the juice by the test, itself. 


Other intermediates having simple colorimetric analyses were then considered: 
oxygenated terpenes, aldehydes, and furfural; and it soon became evident that 
determination of furfural held the most promise. This compound is totally 
absent in fresh juice and is considered to develop esis ire ok of ascorbic 
acid. Its presence in juice partly as thiofurfural has heen postulated bv 

J. S. Blair at Lake Alfred, who moreover utilized paler inet cic determigation 
of furfural as an index of flavor deterioration in canned citrus juice. 

Since Blair's work was concerned with relatively long storage periods (mostly 
three months or more) the question still remained of how effectively this 
determination would indicate onset of off-flavor in bottled juice during the 
first weeks of storage. 


On account of its high vapor pressure, furfural is readily freed and concentrated 
from very low levels in juice, either by stripning or bv distillation. Rapid 
distillation of the juice in a Scott-Veldhuis oil-determination anparatus has 
proved to be the most efficient and consistent recovery technioue. The first 

5% by volume of distillate contains 40% of the total oricinal furfural, a 

value which we found to be independent of the sample amount and of its furfural 
level. The concentration of furfural in the distillate is therefore enriched 
eight-fold relative to the original juice. ‘“orking in the range 10 ~ to 10 

grams of furfural per liter we have moreover obtained exactly the same re- 
coveries from juice spiked with furfural as from simple aqueous solutions. 


al 
Citrus Fxperiment Station Mimeo Report 65-4, given at Fifteenth Annual Citrus 
Processors' iWeeting (1964). 


2 
Citrus Experiment Station i7imeo Report 66-6, given at Sixteenth Annual Citrus 
Processors' Meeting (1965). 
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Determination of furfural is possible by many methods, of which direct 
absorption in the near ultraviolet, color-formation with benzidine, and color 
formation with aniline are of comparable very high sensitivity. The reaction 
with aniline gives the least "color blank" or background interference (really 
none at all) and was clearly superior for recognition of furfural at very 

low levels. The Pepe oe is rapid and very economical of sample. As 

little as 2 x 10 “ gram per liter of furfural gives a measurable color. 

This corresponds to 25 parts-per-billion in the original juice. 


Application of furfural determination to juice distillates has given excellent 
correlation with taste evaluation, especially in detecting the onset of off- 
flavor, as seen in Table 2. Note that although tasters had difficulty in 
assigning priority to two of the juices, the chemical results were unambiguous. 
Table 3 shows how long bottled juice stored at various temperatures stays 
fresh, on the basis of whether furfural could be detected or not. The sub- 
sequent increase in furfural is illustrated in Table 4. We think that this 
simple analysis provides a valid and sensitive index of bottled juice off- 
flavor. 


Table 1. Gas-Liquid Chromatographic Index 
of Juice Quality (Peak 37 Units) 


Storage Time and Quality 
Storage oF 2 Weeks 4 Weeks 9 Weeks 


40 1.00 cr. 00 1.00 
50 1.19 2.04, 
60 le e2. 2.45) 
70 te 2,02 oecoe 
85 1.88 3.09 3.95 


cr 


* 
Identifies juices having noticeable off- 
flavor. 
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Table 2. 


Evaluation of Juice After Nine Weeks Storage 


i 


e e ’ AL 
Storage °F PPB Furfural Taste Rating and Description 


40 
50 
60 
70 
85 


None (Not rated) 
None Jn (2 eGoodntaste 
30 1, 2 Good taste 
50 3 Mild off-flavor 
200 4 Considerable off-flavor 


a a 


Numbers increase with off-flavor; tasters varied in their 
ability to distinguish the 50° from the 60° juice. 


Table 3. Juice Stability as Evaluated by First 


Discernible Furfural 


a 


Storage °F Onset of Noticeable Furfural 
40 Well over 1 1/2 years 
50 About one year 
60 Nine weeks 
70 Six weeks 
85 Under two weeks 


ne 


About 30 parts-per-billion 


Table 4. 


Furfural Increase in Juice With 
Storage Time 


AtCe.0° At 85°F 
None 40 ppb 
Maybe trace 80 

30 160 

50 200 
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DEVELOPMENT OF METHODS FOR PRODUCING CITRUS JULCES 
FREE OF LIMONIN BITTERNESS 
Vincent P. Maier, Linda C. Brewster and Andrew C. Hsu 


Western Marketing and Nutrition Research Division 
Fruit and Vegetable Chemistry Laboratory 
Pasadena, California 91106 


Despite the overall high quality of the citrus crop, portions of the crop 

tend to yield juice whose quality suffers because of limonin caused bitterness. 
While limonin bitterness has historically been associated with navel orange 
juice, it is now recognized that the juice of other varieties of oranges as 
well as that from lemons, grapefruit and tangerines is on occasion subject to 
limonin bitterness. This type of bitterness is unique in that it generally 
develops after the juice is extracted from the fruit. In earlier work we have. 
shown that the change in taste is caused by the conversion of a nonbitter 
substance (limonoate A-ring lactone) to a bitter substance (limonin) after the 
juice is extracted from the fruit (Maier and Beverly, 1968; Maier and 
Margileth, 1969). The nonbitter substance occurs naturally in the fruit 
tissues where it is stable and remains nonbitter. However, when the fruit 
tissues are broken during juice extraction this normally nonbitter substance 
is attacked by the juice acids and is converted into the intensely bitter sub- 
stance limonin. Juice containing as little as six parts per million of 
limonin is bitter. 


Up to the present time no practical method has been found to remove limonin 

from juice, However, research on the chemistry and biochemistry of limonin 

over the past several years has opened two promising new approaches to this 

problem, namely, metabolic debittering (Maier and Brewster, 1971) and enzy- 

matic debittering (Bennett and Hasegawa, et al. 1971). Both approaches are 

under investigation at our laboratory in Pasadena. In this report primarily 
the work on metabolic debittering will be discussed. 


Studies on the biochemistry of limonin led to the observation of a metabolic 
system in the intact orange that functions, while the fruit is still on the 
tree, to prevent bitterness from developing later in the juice. However, 
this system has its effect late in the harvest season after most of the navel 
orange crop has been harvested. It was found that this metabolic system acts 
to prevent bitterness by destroying the nonbitter precursor substance. Based 
on these observations it was reasoned that the juice bitterness problem could 
be solved if a way could be found to activate this natural metabolic system 
at an earlier stage of fruit maturity. In biochemical language an agent 

was needed to "turn-on" the system. 


A search for such agents is underway. One agent which has been found to be 
effective is 2-chloroethylphosphonic acid (CEPA) (Maier and Brewster, 1970 
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and 1971). We have found that within five days after the fruit has been 
dipped in a dilute water solution of CEPA the limonin content of the extracted 
juice is 20 to 40 percent lower than that of the juice from fruit before the 
treatment. Taste tests confirm that the treatment results in juice of sub- 
stantially reduced bitterness while at the same time the juice retains the 
desirable flavor characteristics of fresh orange juice. 


While CEPA appears to have considerable promise it is not yet certain 

whether it will be the agent which is eventually adopted for use by the citrus 
industry. Before it can be used commercially CEPA must be thoroughly tested 
and proven safe for use on foods, as required by the FDA. Such tests are 
currently being conducted by the manufacturer. 


Consequently, we are continuing our search for other agents, based on what 
we have learned about the mechanism for "turning-on" the debittering meta- 
bolic system. We now know that CEPA acts through a specific ethylene 
mechanism which appears unrelated to the general effects this substance has 
on plants. (Maier, Brewster and Hsu, 1971). Prolonged, accelerated respir- 
ation, a common ethylene effect, is not required for the debittering meta- 
bolic system to function. In fact exposure of the fruit to low concentra- 
tions of ethylene for as brief a period as three hours is sufficient to 
trigger the metabolic debittering system. Thus, navel oranges treated with 
20 ppm ethylene for three hours followed by a five day holding period with 
no ethylene produced juice having a 32% lower limonin content than the juice 
from the fruit before treatment. In the same experiment CEPA caused a 
similar reduction in juice limonin levels. Exposure of the fruit to ethylene 
for the entire five day period gave lower quality juice while at the same 
time producing no greater effect on limonin levels than the three hour 
treatment. 


The triggering of metabolic debittering by brief exposure of the fruit to 
ethylene is a new ethylene effect that has considerable commercial potential. 
Further work is in progress to determine the optimum conditions of treatment, 
however, there appears to be no reason why commercial application of the 
approach (treatment of the fruit for several hours with 20 ppm ethylene, re- 
moval from gassing room followed by a holding period of about five days be- 
fore juicing) to producing citrus juices of reduced limonin bitterness 

could not be begun now on a trial basis. 


Other research on the limonin bitterness problem is being conducted by 
Hasegawa and Bennett at our laboratory. The objective of this work is to 
produce a specific enzyme which can be added to bitter juice to destroy 
limonin. It is envisioned that success in both approaches will lead to an 
eventual two-pronged system whereby accelerated metabolism greatly reduces 
the amount of limonin entering the juice and the debittering enzyme destroys 
any which does enter. Thus far, one limonin degrading enzyme from microbial 
sources has been isolated and the isolation of others is in progress. Such 
enzymes also hold promise for use in the development in a rapid limonin assay 
procedure for citrus juices. 
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QUANTITATIVE AND QUALITATIVE ANALYTICAL STUDIES ON SOME CITRUS 
ESSENTIAL OILS 


Philip E. Shaw, Manuel G. Moshonas and Richard L. Coleman 


Southeastern Marketing and Nutrition Research Division 
Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


Quantitative analytical studies of citrus essential oils have generally relied 
on some preliminary separation before quantitative gas chromatographic (glc) 
analysis of the desired fraction is performed (Lifshitz et al. 1970 and 
references therein). However, Bernhard (1960) quantitatively analyzed cold- 
pressed lemon oil by gle without a preliminary separation step, but neither 
the amount of nonvolatile material present, nor glc response factors were 
determined in that study. 


We became interested in analyzing citrus oils quantitatively during studies 
comparing the composition of Valencia orange essence and aroma oils and 
later, grapefruit essence and aroma oils. Essence oil is the oil phase sepa- 
rated during the preparation of commercial aqueous essence and aroma oil 

is the oil phase separated after distillation of the aqueous discharge from 
peel oil centrifuges (Veldhuis et al., 1970). Comparison of Valencia orange 
essence and aroma oils has already been reported (Coleman and Shaw, 1971). 


Quantitative studies on grapefruit essence and aroma oils were carried out 
by gle separation to give the oil components listed in Table 1. Quantities 
of each component present were determined by relating the area of each peak 
present to total area under the curve. No response factors were determined 
in this study since the primary purpose was to compare essence oil and 
aroma oil composition. For more accurate results, glc response factors 
would have to be determined for each component by injecting a known amount 
of that component into the same column under conditions used for the oil 
analyses. Distilled essence and aroma oils can be injected directly into a 
glc without prior separation because the waxes and other high-boiling com- 
ponents found in cold-pressed oils are not present in these distilled oils. 
From the qualitative and quantitative composition as given in Table l, one 
can see that there are no major differences in composition between these 
grapefruit essence oil and aroma oil samples. 


Cold-pressed citrus oils are not as amenable to quantitative analysis by 
gle as are the distilled essence and aroma oils, because of the waxes, 
carotenoids and other high-boiling components present in the cold-pressed 
oils. For meaningful quantitative glc results using cold-pressed citrus 
oils, the quantity of nonvolatile material present must be determined. 
Furthermore, some means of removing this nonvolatile material from the glc 
column must be available if a column is to be used for repeated analyses 
of oil samples. 
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Table 2 lists the quantitative results of Persian lime oil analysis by 

a procedure that permits both the percentage of nonvolatile material to be 
determined and the gle column to be regenerated for subsequent use. 
Molecular still distillation of Persian lime oil samples at reduced 
pressure has repeatedly shown nonvolatile material to be 7.5% of the total 
oil. Removal of nonvolatile material from the gle column was accomplished 
by injection of one or more small quantities of the silanizing agent 

Silyl 8 (Pierce Chemical Co., Rockford, I1l.). This silanizing treatment 
not only stripped nonvolatiles from the column in 5-10 minutes, but 
regenerated the column so that the difficult separation of B-caryophyllene 
and bisabolene was possible on the following run. Without silanizing between 
each run, column resolution suffered. 


The same technique for quantitative analysis can be applied to other cold- 
pressed citrus oils as well. Preliminary results with cold-pressed Valencia 
orange oil have shown that a longer column than the 6-ft. column used in 

the lime oil work is needed for adequate separation of the main components 
from this oil. 


Meyer lemon peel oil was qualitatively analyzed and some 31 components were 
identified as listed in Table 3. The first alcohol listed, thymol, com- 
prised about 6% of the total oil. Its flavor threshold in water is about 
1.7 ppm, and thus this component was present in the oil in an amount far 
exceeding its threshold. The medicinal-type odor (Lavoris mouthwash) was 
judged objectionable to the taste panel if present in citrus juices. Other 
noteworthy differences between Meyer and other lemon oils were its high 
limonene content and its very low citral (neral + geranial) content. 


Meyer lemon peel oil was reported by Wenzel et al. (1958) to cause off-flavor 
in lemon juice if the juice is not thoroughly deoiled before being used. 

The present study indicates that if Meyer lemon oil is to be a commercially 
valuable product, use should be made of its thymol-like odor and flavor 
rather than its potential to produce a lemon-like flavor. 
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Table 1. Quantitative Estimation of Whole Grapefruit Essence and Aroma Oils 


SE a SI 


Compound R.T. (min) * % Area Under Curve 
ne ana enn 25567100501 at irons’ 
Heptane ci 0) - < OB 
Acetone 4.2 - < Ae wt 
Ethanol 8.4 0.03 me 
a-Pinene 1378 0.05 OeES 
Myrcene 2 20.4 - = 
D-Limonene 26.4 99.18 98.50 
Octanal 2726 0.09 One 7 
Nonanal Bo5.00 0.03 Osue 
Decanal Soue 0.05 Ones 
Linalool 39.4 0.08 O.28 
8-Caryophyllene 45.0 0.09 0.06 
a-Terpineol 47.8 O07 O07 
Geranial 49.8 OeLO UL07 
Carvone ay RALS, - < 2O1 
Valencene 5130 0.10 0.06 
A-Cadinene S22 ea 0.05 
Nootkatone LOS —0 0.04 Oe0s 
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COAG. otis by 20 ft. column packed with 20% Carbowax 20M on 60-80 mesh 
Gas Chrom P. 


b Redd Laboratories, Inc., Lakeland, Fla. 


Table 2. Quantitative Analytical Data for Persian Lime Oil 
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Table 3. Compounds Identified in Meyer Lemon Peel Oil 


ee ee ee 


ALCOHOLS 


Thymol 

Linalool 

a-Terpineol 
Citronellol 

Nerol 
1-p-Menthene-9-ol 
1,8-p-Menthadiene-9-ol 
Terpinen-4-ol 
p-Cymene-8-ol 


ALDEHYDES 


Citronellal 
Neral 
Geranial 


ESTERS 


Citronellyl Acetate 

Neryl Acetate 

Geranyl Acetate 
1,8-p-Menthadien-9-yl-acetate 


HYDROCARBONS 


Limonene 
y-Terpinene 
p-Cymene 
Terpinolene 
a-Pinene 
8-Pinene 
Myrcene 
a-Cubebene 
a-Copaene 
a-trans-Bergamotene 
a-Selinene 
Farnesene 
&8-Elemene 
8-Bisabolene 


MISCELLANEOUS 


o-Phenyl phenol 
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Table 1. Long-Chain Hydrocarbon Profiles of Citrus 


Carbon Valencia Duncan King 
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Table 2. Major Fatty Acids of Triglycerides (%) 


Acid Hamlin Valencia Temple 
Palmitic 10.51 TeOT eperual 
Palmitoleic 7.04 Leis Bios 
Oleic 33.22 29.90 32.24 
Linoleic 28.93 35.54 La2ue 
Linolenic 16.44 16.16 34.19 


Table 3. Major Fatty Acids of Monogalactosyl 
Diglyceride (%) 
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Acid Hamlin Valencia Temple 
Palmitic 5.26 6.69 6.36 
Palmitoleic 6.49 6.14 ti o4 
Oleic Sie) 27.06 a2 502 
Linoleic L9¢07 26.44 6.86 
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STUDIES ON NONENZYMIC BROWNING IN MODEL SYSTEMS RELATED TO DRIED CITRUS 
PRODUCTS 


Derek Horton, M. L. Wolfrom, and N. Kashimura 


Department of Chemistry 
The Ohio State University 
Columbus, Ohio 


This report describes a study on the development of new analytical tools for 
monitoring the chemical transformations that take place in the nonenzymic 
browning reaction between sugars and amino acids, with particular emphasis on 
the chemical processes involved in the deterioration of dried citrus juices 
upon storage. The results obtained with model systems of sugars, amino acids, 
and other constituents are compared with those found when the techniques are 
applied to samples of dried orange-juice powder produced by the foam-mat 
process. The key intermediate in the browning reaction, 3-deoxy-D-erythro- 
hexosulose, and the chemical reactions leading to its formation have been 
examined in some detail. 


With the eventual objective of setting up a fully automated system, based on 
gas-liquid chromatography--mass spectrometry (g.1.c.-m.s.), for separation, 
quantitation, and structural identification of components present in the 
complex mixtures formed when sugars and amino acids interact in food products 
to cause product deterioration through the sequence of reactions known as 
nonenzymic browning (Maillard reaction) ,1 a study has been made (a) on the 
volatilization and separation by g.l.c. of the intermediates in the browning 
reaction, and (b) examination by m.s. of the volatile derivatives. 


After evaluation of a range of possible reagents for converting sugars and 
their transformation products in the browning reaction into volatile deriv- 
atives suitable for separation by g.l.c., it was determined that trimethyl- 
silylation by use of 5:5:1 (v/v) mixture of N, O-bis (trimethylsilyl) acetamide, 
N-trimethylsilylimidazole, and chlorotrimethylsilane was the most effective 
system. ? With this reagent it was found possible to obtain reproducible g.l.c. 
peaks, suitable for quantitative work, with D-glucose, D-fructose, and various 
glycosylamines, together with their Amadori €ransformation products formed in 
the reaction of D-glucose with p-toluidine, 4-aminobutyric acid, and various 
a-amino acids. Reproducible peaks were also observed for the amines and amino 
acids present in the mixtures. 


The trimethylsilylated products from the foregoing experiments were examined 
by infrared and mass spectrometry. The mass spectra were interpreted to con- 
firm the structures assigned, and were also used as "fingerprints" to identify 
the products separated from the mixtures by preparative g.l.c. 


SUNTLO atima or agTarsh aeraye sa im Hata ae 


5 Tif. 1e2e28 ® at ats d _ OOS a Th low we M 


(tained? Re Jneixeqed © . 
Yiiaiev lA BF6SS GClLdOrsaT ©, ' = 


OLA yeucdamtéo ‘a 


208 afooy lesitylans von to Snengelevab siX ao vbuse 4. asdizve “3 
Siaysnetion, «i? nok wosalq, otés Sans, daoks amsolagey?, Leaimeds od 


& 


gO Siagitymo seivolgzsaq ridiv .ehioe onktes Bac eisapide Peau mod ee ae) 
eotut 2zuriio SolsB 30 noizésc!) seae8 Sil’ AE Baviornt “gnéesca a¢ & ss 1 
YShiog onims ,exapc2 to sanateave Lebom ddiw begessao. eiineon. 3 ©. 5 DB 20% 
§$YS Borpigiiss oid cetw bageot eaeds dhtw bayecarc ee esaeus4; i 
Shar mnoi ais yi lsoubotq tehwot s>lut-spnet- » balah to 2 
-~ ont texa—l-yxael)~t ijvaoy priaworw adg oni “dakoareadreh C 
nest aved noissirtot est of onibssd ancio5ee7 Iesineds sas fede 48 wii 
£5396 ome: 
a 
ao feaad ,moteye Hodsctotoe yllu? « gol eabtyse Ge eyes: sade bees 2 
NOLS EIUBIee Bo? . l. ay iH. > pl yafemrigoere a: om —yililosphsemoaN: B ape? 
ons LL tnsee1g 23s sncame Yo Relsseoltigaab) LES AAETS ids mols es 
egoubo bool ak Joexcin;s eblos onime Atte erepus’ fatw hapeok 2e7u7ehw xe 
G6 UWOtA BHO.J 20902 Jo sonsense ec cigperds seggatoldaeoeh go0Bosq 
ei3 nO (6) Shad coed #eqay vbage 5 t inolfuses rei. 168) prndawoid'S) 


ETLINWOT. SI 2. ectGibemiesga: Bao to So. ia 7c ouiihacts bin iveaxt 
eovitevizeb olizefov 4a fo .@.m-yd obiSenimaxs Yd) Das’. 


an atepca piittevaco 10} esiepees sidiedaq 76 spusx £ 30 Nossiend 
£185 slighlov Ojnt nekseéex poiaward ad9 nt efauSe iy rotten n. 
fyijenizg god? SeniomedS6 gew 3d I+f.0 4d nAidersaern x1? 


1 Sbingsaon (ivite.vitentas)2id-o .W 9o eumtxke Wie) Teese =o San 
evivsetia gaan > eer ansliaivedtearieiakis Bris salomabimiiy 
-o.f.¢ sicttopSorvge: niatdo of eldiason Base eew St onepee: Built 
a ~< 


szo3cu7I-O sanoulp-o ftgv »atow pap ytedines 
1BO1} AO. taAmrotaneys iiobam& Zhads Atiw bash 
evolisvy 5n6 Sto”. 2) segodonintsek » ent isFLOI~y tate 
oaims bus aerime eds 103 bevydede ols stew glkeg par: 


. 
avolyey Boe 4 
r’ 


ai Benrro? = 


beninexe o1sW a 7 LSE © ‘IXS oalopSeze? gaz mre z: 
“02 oY be28 1 teInti 9 aw sa eaam odT 
tinebe oF "“sdaluptepals” 2h Beep sale o 

2.1.0 sjhtetecen vu eoak 


ie 


By use of the trimethylsilylation technique so developed, analyses were made 
as a function of time and temperature of reaction mixtures set up as model 
systems for the nonenzymic browning reaction. The examples studied initially 
included simple systems of sugars and amino acids or amines, with appropriate 
variations of the nature and concentration of reactants. The technique permits 
monitoring of the loss of D-glucose from the system, formation of the browning 
intermediates, and their further transformation into other products. Detailed 
studies were then made in a system selected as a model for the dried citrus 
juice, containing D-glucose, citric acid, potassium citrate, sodium benzoate, 
L-ascorbic acid, and an amino acid (either glycine, 4-aminobutyric acid, 
L-arginine, or L-lysine). The procedure was applied to the samples of 
Orange-juice powder that had been stored under various conditions of time 

and temperature, and direct correlations with the model systems were made. 


The techniques developed provide a simple and rapid method for the objective 
detection and quantitation of the extent of deterioration caused by nonenzymic 
browning in citrus and other food products. Furthermore, the technique furnishes 
a useful tool for detailed chemical studies on the transformations involved in 
the browning reaction. For this purpose, attention has been focused on the mode 
of formation and subsequent decomposition of the key intermediate in the 
browning reaction, namely 3-deoxy-D-erythro-hexosulose”, a product formed by 
the sequence D-glucose + amino acid + N-substituted D-glucosylamine > 
1-N-(amino acid) -l-deoxy-D-fructose + 3-deoxy-D-erythro-hexosulose. A 
convenient new preparative route* has made this key intermediate readily 
available for detailed study: other routes to this compound were examined and 
will be mentioned briefly. In a study (with D. Tam) on the formation of 3- 
deoxy-D-erythro-hexosulose by use of deuterium-labeled reagents it was found 
that one deuterium atom is introduced at C-3; the significance of this result 
on the mechanism of the reaction leading to the hexosulose will be discussed. 
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CITRUS RIBONUCLEOTIDES AND THEIR POSSIBLE INFLUENCE ON FRESH AND PROCESSED 
PRODUCTS 


R. H. Biggs 


Fruit Crops Department 
University of Florida 
Gainesville, Florida 


Isolation and chemical analyses have been made of nucleosides, nucleotides 

and nucleic acids of several cultivars of citrus, including oranges, tangelos 
and grapefruits. Particular attention was given to patterns of changes within 
nucleotides and nucleic acids as influenced by growth, stage of maturity, 
handling of fresh fruits and extracted products, storage conditions, and ex- 
posure to ethylene. 


For separation and identification of nucleosides and nucleotides from citrus 
fruits, methods used with other tissues had to be slightly modified. Briefly 
outlined are the procedures that were used as a standard for this investigation: 
extraction with perchloric acid, subjection to filtration through insoluble 
polyvinyl-pyrrolidone, adsorption of nucleosides and nucleotides on activated 
charcoal, desorption with ammonical, 50 percent ethanol and ion exchange chroma- 
tography for initial separation, with subsequent separation by thin-layer and 
gas chromatography. Comparisons will be presented of nucleoside and nucleotide 
patterns obtained with various isolation procedures. Also, patterns obtained 
from fruits of various citrus cultivars after the designated treatments. 


For extraction, separation and tentative identification of the nucleic acids, 
the following briefly outlined procedure was used as the standard: grind 
frozen tissue (-70 C) in a phenol: aqueous media, centrifuge, retain aqueous 
phase after suitably washing, precipitate RNA with cold ethanol, centrifuge, 
redissolve precipitate, reprecipitate, centrifuge and wash pellet. The RNA 
pellet was then redissolved and separated further by gel electrophoresis. 
Tentative identification was by ultra-violet spectrophotometric analyses of 
the components on the electrophoretogram and the rate of incorporation of 

p from ortho-phosphate by the juice vesicles. Using this procedure, sub- 
units of ribosomal particles (23S and 18S) and soluble RNA's of fruits have 
been analyzed. Patterns of changes of polymeric nucleotides will be discussed 
as related to development, stage of maturity and handling practices. 


It would seem that both acid soluble components and polymeric nucleotides are 
in a dynamic state in fruits, with synthesis and interconversions being in- 
fluenced by stage of growth and various environmental factors. Concentra- 
tions in fruit tissues and patterns of change of nucleotides and nucleic acids 
indicate they play a major role in quality of fresh fruits and processed pro- 
ducts. In addition to the role of these components in cellular reactions, 

the concentration present in fruits of certain of the. nucleotides could have 

a direct modifying effect on the taste of products through giving "body" feel 
and indirect through modifying other flavor components. 
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YIELD, LIMONIN CONTENT AND FLAVOR RELATIONSHIPS IN ORANGE JUICE 
J. H. Tatum, C. J. Wagner, Jr., and R. E. Berry 


Southeastern Marketing and Nutrition Research Division 
Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


Juice samples were prepared from different orange cultivars (Hamlin, 

Pineapple and Valencia) using relatively low and high extraction pressures. 
Thirty boxes of each type fruit were randomized and 15 boxes each were used 

for a low yield and a high yield juice run. Juice yield was controlled 

through changes made at the extractor. All juices were finished on a cylindrical 
screw finisher set with 12 lbs. (Hamlin) to 15 lbs. (Pineapple and Valencia) 

air pressure using a screen with 0.033 in. hole diameter. All juices were 
concentrated in a pilot plant falling film evaporator at 3 to 10 mm Hg. Yields 
(%) were calculated on the basis of unfinished juice/pound of fruit. 


Juices were evaluated on a basis of limonin content (Maier, 1970), recoverable 
oil, and flavor. Yields, limonin levels and oil levels are shown in Table l. 


Table 1 
Limonin ppm % Oil on 
Yield % Single Strength Reconstituted Basis 
Low High Low High Low High 
Hamlin 54.1 66.8 1.4 5 0.005 0.01 
Pineapple 58.8 74.2 1.0 14 0.04 0.07 
Early Valencia 55.5 69.4 0.03 5.0 OfouL 0.035 
Late Valencia 57.6 79.8 0.87 tie) 0.027 0.04 


ee 8 


All taste tests were triangulation type, comparing low yield to high yield 
samples for detectable differences. The oil levels of the low yield juices 
were adjusted to the high levels and taste tests carried out. There were 
significant differences between low and high yield samples in all four runs. 
The low yield juices were preferred by our taste panel. As shown in Table 1 
the oil level in the Pineapple juice was too high for objective taste testing. 
The Hamlin, early Valencia and late Valencia low yield juices were adjusted 
to the same oil levels and limonin contents as the high yield juices. In 

all three cases taste tests showed a significant difference still existed, 
and the low yield juices were still preferred by our panel. 


SOLUt SDMARO 4X 29T82eR) TAg 21d 


WIxe8 «3 A hoe . 3G 198 


¥ 
aotatvid deresees soldhzzeyi * 


Viossrede! es2shos Leskaeabelva Bei 


nimeH) atevitiua spasye tnoindrb » mex? be? 
 PeNIedotg ‘astdpastye tesa ns wor evidates pats ae Fs 

beau axgw ‘deee eoxod Bl brs besimobtsx eiew +h 
AeiLoytnce sew blaiy ssiut. vs blety 
fesixbnilye 6 16 Bodin! atdw aestet a ee 
(eicneLsv bos slodsenity . edt @l ay phbe edt of itiw ree. 
orew edptu; LIA .wetemsi sicd iad E200 nizlw aap pa he) et. 
ehisty .pH mm OL ov £ fe 1otaTOqEve mitt oniffe? 4 aa Be 
.2inst to Srvoq\onlut herla kako to eh 


sidaxysveses , (OTeL ,zeisH) snetaos saittecott'c to ateed & tie 72 
+i eldest ai aworfe sis efsval Lio bas afsvel Mitgmk i. ~ ovel 


; : - = 7 o 
I eldest —— ie 7, 
ss eS a sm -_ Ee is 
2ien§ besust isenoogs viz bread = signie wn # Bisiy . 
aoe et foit wal or 
ae 2 a a s el 4 ea: 
£0,0 260.0 g bef 8.38 L.8@ eb eu 
0.0 
2E0.¢ 
BO.0 
Biaty dpid ot Dlely wok Ratseq » 89N? aotsteLapaais 
ee it? Alezy wol wt 20 Afaval hier ssuiMetedhio efdss 
exsw extort Tiare etess ts alevel dpid ori. 


-unoy sot Life oe i 
1 slis? nt nwoda ore bas? © 


cutee o7 nt av Lesatden x " 
saa at <n te ae 


al .asstut ‘bis 
Sog2ixe Lite asap 


A sample of the early Valencia low yield juice was divided and half was used 
as a control. To the other half limonin was added to 5.5 ppm and taste tests 
showed a significant difference, with the control being preferred. This 
procedure was repeated on several commercial concentrates and there was a 
significant difference in each case with the control being preferred. These 
taste test results indicate that limonin does affect the flavor of orange 
juice when its level is high enough but it was not the entire problem with 
the high yield juices. Most tasters referred to the greenish, astringent, 
woody or immature flavors in high yield juice whereas limonin usually causes a 
pronounced bitterness. Studies are presently underway to determine if the 
components that cause these undesirable flavors can be identified. 

Most of these results are based on a single set of experiments and further 
studies are underway. 
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QUANTITATIVE ANALYSES OF AROMA SOLUTIONS AND CONCENTRATES 
E. D. Lund. C. J. Wagner, Jr., and R. E. Berry 


Southeastern Marketing and Nutrition Research Division 
Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


A study was made of the quantitative composition of aroma solutions and the 
relationship of type and maturity of fruit, and storage conditions of peel. 
Quantitative analyses were carried out on aqueous aroma solutions produced 
from Hamlin, Pineapple, and Valencia orange peels at various stages of 
maturity. Aroma solutions from frozen and stored Valencia peel were also 
analyzed for comparison. 


The analytical technique used was the solvent extraction-GLC method of 
Wolford and coworkers for the less-water soluble organics, combined with a 
separate GLC analysis for ethanol, methanol, and acetaldehyde on a Porapak 
column as previously described at last year's conference. 


Linalool, Limonene, a-terpineol and cis-3-hexene-l-ol were the major compon- 
ents of all the aroma solutions from peel extracts as with the previously 
reported aroma solutions prepared from Valencia peel-mill desludger effluent. 
Considerably larger quantities of n-hexanal, l-hexanol, t-2-hexene-l-ol, 
t-2-hexenal, l-octanol, n-octanal, neral, geranial, 1l-pentene-3-o0l and 

ethyl vinyl ketone were found in some of these aroma solutions than had been 
found previously in those from Valencia effluent. 


Most of the aroma solutions contained about 20 identifiable components. 
Table 1 lists all compounds isolated from the various aroma solutions in this 
study. 


The aroma solutions prepared from frozen, stored, Valencia peel contained 
smaller quantities of the aldehydes n-hexanal, t-2-hexenal and n-octanal 

and larger quantities of the corresponding alcohols c-3-hexene-l-ol, 1l- 
hexanol, and l-octanol relative to the usual Valencia peel-derived product. 
The product from frozen, stored peel differed in several other respects. 

A large peak tentatively identified as ethyl vinyl ketone was observed in the 
GLC trace. The corresponding reduced compound, l-pentene-3-ol was present 
in relatively small concentration. Ethanol and methanol concentrations were 
unusually high, while the acetaldehyde concentration was in the normal 
range. These data suggest that the aldehydes were being reduced to alcohols 
(probably enzymatically) under the storage conditions used. 


The most striking difference among samples from different stages of maturity 
was the large variation in the relative amounts of the 6-carbon compounds 

in aroma solutions from Hamlin orange. The immature peel aroma solution 
(11-4) contained large amounts of t-2-hexene-l-ol, t-2-hexenal and l-hexanol 
and relatively small quantities of c-3-hexene-l-ol and n-hexanal. In the 
more mature Hamlin peel aroma (12-18), c-3-hexene-l-ol was the major 6-carbon 
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compound which is similar to the typical composition of Pineapple and 
Valencia peel aroma solutions. In the very mature Hamlin (2-17) aroma 
solutions there were unusually large quantities of 6-carbon compounds, and 
c-3-hexene-l-ol, t-2-hexenal and 1-hexanol predominated. These were 
accompanied by a moderate amount of n-hexanal and a very small quantity of 
t-2-hexene-1l-ol. 


The variations observed in the concentrations of these 6-carbon compounds and 
in the aldehyde-alcohol ratio probably have a pronounced effect on the flavor 
quality. Probably the aldehydes have an important role in desirable flavor 
quality and the 6-carbon compounds contribute to greenish, immature aspects 
of the flavor. 


Table 1. Peel Aroma Constituents 


a 


Compounds Concentration Range Wt. % X 10 
Methanol 12-344 
Acetaldehyde 3-74 
Ethanol 24-1200 
Linalool 0.9-3.5 
a-Terpineol 0.4-1.8 
Cis-3-hexene-1l-ol 0.16-1.4 
Limonene 0.08-1.1 
n-Octanal 0.06-0.3 
1l-Hexanol 0.06-0.8 
1-Octanol 0.07-1.3 
t-2-Hexenal 0.02-0.8 
Terpinene-4-ol 0.04-0.18 
n-Hexanal 0.03-0.2 
Nerol 0.05-0.24 
Geraniol 0.02-0.4 
Neral 0.10-0.27 
Geranial 0.10-0.31 
c-Carveol 0.02-0.03 
t-Carveol 0.01-0.12 
c-Linalool oxide 0.02-0.04 
t-Linalool oxide 0.0006-0.025 
1-Pentene-3-ol 0.05-0.52 
n-Amyl Alcohol 0.03-0.07 
n-Decanal 0.01-0.03 
t-2-Hexene-1l-ol 0.02-0.75 
Terpinyl Formate 0.08 
Ethy1-3-Hydroxyhexanoate 0.11-0.24 
c-2,8-p-Menthadiene-l-ol 0.02-0.07 
t-2,8-p-Menthadiene-1l-ol 0.05-0.12 
1,8-p-Menthadiene-9-ol 0.05-0.18 
a-8 ( 0) _5-Menthene-1,2-diol 0.12 
Citronellol 0.02-0.13 
Perilla Aldehyde 0.02-0.04 
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CHANGES IN THE TEXAS CITRUS PROCESSING INDUSTRY 
Bruce J. Lime 


Southern Marketing and Nutrition Research Division 
Food Crops Utilization Research Laboratory 
Weslaco, Texas 


Texas citrus production reached a high of approximately 28 million boxes of 
fruit in the middle and late 1940's. Due to a series of weather reversals 
the production has fluctuated since 1950 from almost zero to 16 million 
boxes in 1970-71. Although a severe freeze occurred in 1962, the 1970- 
1971 production figure represents an approximate 50% increase in production 
over the 1960-61 season. During these periods of fluctuating production 
Single strength juice accounted for almost 100% of the processed citrus 
products. Pryor to the mid 1950's processing utilized from 20-25% of the 
Texas citrus crop. Today processing utilizes approximately 50% of the 
crop. The production of orange concentrate has been the major contributing 
factor to the increase in processing. 


Hamlin, Marrs (earlies), and Valencia (late) are the three varieties of 
oranges grown in Texas. All three varieties produce juices having suffic- 
ient color for Grade A Single strength juice during the period when the 
Brix to Acid ratio meets Grade A standards, but only juice from Valencia 
Oranges will meet the Grade A color requirement for Frozen Concentrated 
Orange Juice. Valencia oranges usually mature from 16 to 18 weeks later in 
the season than the early orange varieties, however, there is a 4 to 6 
week period of overlap when low ratio Valencia juice may be used to blend 
with high ratio early orange juice to produce an acceptable Grade A 

single strength orange product. The increased evaporative capacity 
recently installed by the Texas Citrus Industry will make it possible to 
upgrade color and adjust the B to A ratio of concentrate produced from 
Texas early oranges by blending with Texas Valencia orange juice. 
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RECOVERY OF VOLATILE ORGANIC MATERIALS FROM ORANGE PEEL 


R. E. Berry, C. J. Wagner, Jr., W. L. Bryan and M. K. Veldhuis 


Southeastern Marketing and Nutrition Research Division 
Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


Volatile organic materials (aqueous aroma solutions and distilled aroma oils) 
were recovered from three different types of peel feedstocks by stripping and 
distillation methods which were described at last year's Citrus Conference. 
Feedstocks were introduced into a stripper where they were contacted with 
steam, the vapors were then passed through a side arm into a glass dis- 
tillation column packed with stainless steel Raschig rings. Below the point 
at which vapor was introduced into the column, was a short stripping section 
where the liquid condensation was stripped counter-current with steam from a 
reboiler at the bottom. Stripped vapors then passed through an upper frac- 
tionating and rectification section, through a warm, partial condenser (to 
provide reflux), to a cold condenser and a receiver. The receiver was arranged 
so that the water and oil phases of the final product could be collected 
separately. 


Three types of feedstocks were studied in this system. These were: 1) 
commercial centrifuge effluent obtained from the desludging centrifuges at a 
commercial peel oil mill, 2) pilot plant prepared peel oil emulsions obtained 
by pressing Valencia peel from a Brown extractor through a screw press with 

a water rinse and passing the resultant slurry through a finisher to provide a 
final emulsion containing about 95-6% water, 3-4% solids, and 1% oil, (Studies 
indicated this pilot plant procedure removed only 18% of the oil from the peel), 
3) water extract of ground peel obtained by grinding Valencia peel from AMC 
extractors with a Hobart food grinder (0.177-in diameter openings) followed by 
a hammer-mill (0.125-in diameter openings). The ground peel was slurried with 
chilled water for 30-min and then sufficient water added to make a fluid mix- 
ture which was finished as in 2. This provided an oil emulsion containing 
about the same water-solids-oil composition as 2 but resulted in removing 
about 73% of the oil from the original peel, primarily through contacting 

more finely ground peel with larger quantities of water for longer times. 

For comparison of these feedstocks about 10 to 15% of the feed stream was 
vaporized and fed to the fractionating column for concentrating the products. 
Aroma solutions were analyzed for total recoverable organics and flavor 
potential and feedstocks were compared by aroma solution analyses and oil 
recovery . 


Several methods of contacting steam with the feed liquid were compared for 
efficiency of stripping. These included: 1) a feed liquid spray nozzle, 

2) turbulent-flow long tube contactors of l-in and 2-in diameter, 3) a steam 
nozzle with 1/8-in opening (stainless steel), and 4) a copper tubing steam 
coil 30-in long with 155 holes varying from 1/64-in. to 1/32-in diameter. 

In the comparison of 1 and 2 up to 90% oil recovery could be obtained with the 
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spray nozzle while only 80 to 85% recovery could be achieved with the long 

tube contactors, however, organoleptic evaluation of the aroma solutions and 
oils appeared to indicate higher quality from the long-tube contactors. When 
the steam nozzle (3) was used, oil recoveries of about 69, 85 and 90% were 
obtained for respective vaporizations of about 3, 11, and 17%. When the steam 
coil (4) was used, recoveries of about 79, 82, and 84% were obtained for 
respective vaporizations of about 8, 13 and 16%. These systems are still 

under evaluation but preliminary indications are that the steam nozzle is more 
efficient than the steam coil and that quality of products may be enhanced with 
the long tube contactors (possibly due to shorter residence times) . 


Several runs were carried out to demonstrate the operation of the column 

at total reflux, recycling the aqueous phase product to the top reflux section 
of the column in order to achieve maximum enrichment of the organics in the 

oil phase product. Several runs were made with this arrangement, but methanol, 
ethanol and alcohol-free COD measurements, on the material being recycled to 
the enrichment section, indicated equilibrium had not been reached even after 
six hours of operation. As expected, these indicators increased with operation 
time but it was not expected that they should still have not leveled off after 
seven hours. Further tests are being planned in this study. 


Another experiment was carried out to determine whether aroma solutions and 
aroma oils could be obtained directly from peel by application of heat and 
vacuum. Valencia peel was ground on a Hobart grinder as described above 
yielding a material with 28% solids, 70% moisture and about 2% oil. Several 
pounds of this material wey= placed in a pilot plant rotating vacuum evaporator 
operated with 122°F heating bath, 15 rpm, 48°F condenser under a pressure of 
less than 0.1 mm Hg. Product was collected in dry ice and liquid nitrogen 
traps as well as a chilled water receiver. Seven hours operation resulted in 
32% weight loss and in a reduction of oil content from 6.9% oil (solids basis) 
in the feed to 2.7% oil (solids basis) in the waste. The recovered volatiles 
were distributed 85% in the cold water receiver, slightly less than 15% in 

the ice trap and less than 0.5% in the liquid nitrogen trap. About 12% of 
total aqueous distillate and 77% of the total oil phase was collected in the 
dry ice trap. Analyses indicated a distribution of methanol, ethanol and 
alcohol-free COD in both the chilled water receiver and the dry ice trap. 

The contents of the dry ice trap, however, contained three to four times the 
concentration of these components in the chilled water receiver. Organoleptic 
evaluation of these fractions is in progress. 
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SUMMARY OF COMPLETED STUDY OF AIR POLLUTION CREATED BY CITRUS FEED MILLS 
John W. Seabury, P. E. 


Executive Vice President 
Fiske-Gay Associates, Inc. 
Orlando, Florida 


Under the sponsorship of the United States Department of Agriculture and with 
the cooperation of the Florida Canners Association, a study has been made of 
air pollution resulting from operation of citrus pulp drying mills. 


The study program was conducted with regard to type of machinery and method of 
operation for minimum air pollution and maximum operating efficiency. 


Emissions to the atmosphere are regulated by the Florida Department of 
Pollution Control according to established statutory limits which are in com- 
pliance with National Standards. 


Allowable emissions are based upon a graduated scale according to weight of 
material input to process. 


With assistance of the United States Department of Agriculture and the Waste 
Committee of the Florida Canners Association, three plants were chosen: 


1. Tropicana Products, Inc., Bradenton, Florida. 
2. Winter Garden Citrus Products Cooperative, Winter Garden, Florida. 
3. Myakka Processors, Inc., Arcadia, Florida. 


The Tropicana unit is a dryer-waste heat evaporator, wherein vapors from a 
furnace-dryer (with partial vapor recycle) serve as the heat source for a shell 
and tube molasses evaporator, and will be referred to as Type 1. "This unit was 
manufactured by the Gulf Machinery Company of Clearwater, Florida. 


The Winter Garden unit is a dryer-waste heat evaporator with reheat, wherein 
vapors from a furnace-dryer (with partial vapor recycle) serve as a heat source 
for a shell and tube molasses evaporator with reheat furnace for vapors after 
dryer, and will be referred to as Type 2. This unit was manufactured by 

Dan B. Vincent, Inc. of Tampa, Florida. 


The Myakka unit is a dryer-scrubber, wherein vapors from a furnace-dryer (with 
partial vapor recycle) are passed through a two-stage water scrubber, and will 
be referred to as Type 3. This unit was manufactured by the Citrus By-Products 
Co., Lakeland, Florida. 


Primary object of the study was to investigate processing variables as they 
might affect the amount and character of particulate matter emission from the 
stack at three different conditions for each mill. This requires a total of 
nine tests. 
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A total crew of five to eight men is needed for testing. Mill operations 
must be maintained at a steady rate during test with minimum variation of 
flows, moisture content, temperatures, etc. 


Cooperation of plant management was excellent and with the obvious priority of 
keeping mill operation in step with peel production from juice operations, con- 
siderable skill was exercised in scheduling test dates when fruit supply would 
match test rate, 


Wherever possible, quantity measurements were taken of peel input to process and 
press cake to dryer by means of platform scales and stopwatch. The same pro- 
cedure was applied to finished product and to pellets if produced separately. 


The screw conveyor being a steady flow device lends itself quite well to measure- 
ment, provided that a drop gate can be installed in a location with enough head 
room to allow for container and scale. 


Some difficulty was encountered in getting 100% dropout with fully loaded high 
speed screws, as the material has a tendency to ride off-center and cling to 
flighting. 


Size classification of finished product was done with mechanical shaker unit and 
five screen opening sizes: .371", .263", .185", .131", and .046". A 500 gram 
mill-run sample was placed in shaker and after five minutes of action the con- 
tents of each pan weighed and immediately placed in double plastic bags for 
later determination of moisture content. Classification runs were repeated 

at 15 to 20-minute intervals throughout the entire four to six hour test pro- 
cedure. Moisture analysis of each size was performed in the laboratory by dis- 
tillation with toluene according to the Association of Official Agricultural 
Chemists‘ method. 


The technician at this station also recorded wet and dry bulb ambient temper- 
atures and made spot checks of net bag weights of plant bagging equipment. 


Condensate flows were measured by means of calibrated containers and stop watch. 
Liquid samples were placed on ice for laboratory determination of BOD and CoD 
values, Likewise peel and press cake samples were taken at 20 to 30-minute 
intervals, double bagged, and placed on ice for later moisture test. 


Particulate testing was carried out on stack emissions in accordance with pro- 
cedures prescribed by the Florida Department of Pollution Control. Essentially, 
this consists of an accurate measurement of total quantity, painstaking 

analysis of a carefully withdrawn representative sample, and mathematical 
determination of the total emission by proportion; with compensation for 
temperature, pressure, and humidity. 


The following Table gives condensed results from tests: 
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A total crew of five to eight men is needed for testing. Mill operations 
must be maintained at a steady rate during test with minimum variation of 
flows, moisture content, temperatures, etc. 


Cooperation of plant management was excellent and with the obvious priority of 
keeping mill operation in step with peel production from juice operations, con- 
Siderable skill was exercised in scheduling test dates when fruit supply would 
match test rate. 


Wherever possible, quantity measurements were taken of peel input to process and 
press cake to dryer by means of platform scales and stopwatch. The same pro- 
cedure was applied to finished product and to pellets if produced separately. 


The screw conveyor being a steady flow device lends itself quite well to measure- 
ment, provided that a drop gate can be installed in a location with enough head 
room to allow for container and scale. 


Some difficulty was encountered in getting 100% dropout with fully loaded high 
Speed screws, as the material has a tendency to ride off-center and cling to 
flighting. 


Size classification of finished product was done with mechanical shaker unit and 
five screen opening sizes: .371", .263", .185", .131", and .046". aA 500 gram 
mill-run sample was placed in shaker and after five minutes of action the con- 
tents of each pan weighed and immediately placed in double plastic bags for 
later determination of moisture content. Classification runs were repeated 

at 15 to 20-minute intervals throughout the entire four to six hour test pro- 
cedure. Moisture analysis of each size was performed in the laboratory by dis- 
tillation with toluene according to the Association of Official Agricultural 
Chemists' method. 


The technician at this station also recorded wet and dry bulb ambient temper- 
atures and made spot checks of net bag weights of plant bagging equipment. 


Condensate flows were measured by means of calibrated containers and stop watch. 
Liquid samples were placed on ice for laboratory determination of BOD and COD 
values. Likewise peel and press cake samples were taken at 20 to 30-minute 
intervals, double bagged, and placed n ice for later moisture test. 


Particulate testing was carried out on stack emissions in accordance with pro- 
cedures prescribed by the Florida Department of Pollution Control. Essentially, 
this consists of an accurate measurement of total quantity, painstaking 

analysis of a carefully withdrawn representative sample, and mathematical 
determination of the total emission by proportion; with compensation for 
temperature, pressure, and humidity. 


The following Table gives condensed results from tests: 
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First cost is not easily comparable; individual circumstances and size 
differences make direct comparisons useful only on a very generalized basis. 


The relative comparison finds total first cost is highest for Type 1, medium 
for Type 2, and least for Type 3. 


On a basis of 1,000 pounds of water removed per hour first cost may vary from 
a low of $10,000 up to $17,000 depending on type of mill and amount of 
accessory machinery included. 
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IMPROVED METHOD FOR RECOVERY AND PURIFICATION OF ORANGE PEEL COLOR 
C. W. Wilson, III, 0. W. Bissett and R. E. Berry 


Southeastern Marketing and Nutrition Research Division 
Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


An improved method was developed for purification of color obtained by hexane 
extraction of orange peel. The method was tested on a pilot plant scale using 
peel from early and late maturity Hamlin, Temple, Pineapple and Valencia oranges 
and tangerines. The extraction was Similar to that reported in previous citrus 
conference reports which included studies on the pilot scale hexane extraction 
of three types of commercially available citrus peel waste, (kilogram batches 
of flavedo, "frits," and ground whole peel). The hexane-color extracts were 
concentrated at reduced pressure. In the previous method crude color con- 
centrates were vacuum steam-distilled to remove most of the volatile peel oil 
components, saponified with methanolic potassium hydroxide, and then 
neutralized with potassium acid phosphate. The color concentrates were then 
washed with a dilute water-ethanol solution to remove remaining traces of 

high boiling peel oil components. In those studies, yields up to 934, 630, 

and 538 mg color/kg peel were obtained for flavedo, frits, and ground whole 
peel, respectively. Additional color has also been obtained by acetone 
treatment of emulsions that formed during extraction and the total yield of 
color was thereby increased by 30% for flavedo, 50% for "frits," and 1% for 
ground whole peel. 


In the current method the need for saponification, neutralization, and solvent- 
water washing was eliminated through a solvent precipitation procedure. After 
hexane extraction and vacuum steam distillation as previously described, the 
crude color concentrates were dissolved in 2-propanol and then diluted with 
water to give a final concentration of 60% 2-propanol and 40% water. This 
precipitated the carotenoids but left flavonoids and other impurities in 
solution. The precipitate was centrifuged or filtered from solution and 

dried under vacuum. The improved purification method shortened the total 
process time on a pilot scale by about 253%. 


The improved process was applied to 180-lb units of FMC extractor whole peel 
and "frits" (ground peel and flavedo pieces expelled from an FMC In-line 
extractor), and to flavedo obtained from a Brown extractor and peel shaver. 
Color concentrates were prepared from two 180-lb units of each of the starting 
materials. Each 180-lb unit was prepared by extracting three 60 lb batches and 
combining the color extracts for subsequent processing. Yields of color 

were determined for each 180-lb. unit and averages were determined from dup- 
licate determinations. Tangerine "frits" yielded 484 mg color/kg peel. 

Yields for early maturity Hamlins was 294 mg color/kg peel and for late 
maturity Hamlins 410 mg color/kg peel. Temple "frits" yielded 812 mg color/ 
kg peel. Yields up to 1009, 366, and 424 mg color/kg peel were obtained from 
Pineapple flavedo, ground whole peel and "frits," respectively. Valencia 
flavedo, ground whole peel, and "frits" yielded 770, 593, and 367 mg color/ 
kg peel, respectively. Material balance Studies accounted for about 90% or 
more of the solids and indicated 80% hexane recovery. 
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The color enhancing capacity of these color concentrates was checked by 
addition to 45° Brix substandard early season Hamlin FCOJ, and by color 
reflectance instrumental determinations. In dilution studies all samples, 
regardless of source, effectively raised the USDA color score by one grade 
point when used at 1/6000. Results of instrumental analyses showed that 
tangerine "frits" were highest with respect to the three tristimulus values 
(i.e., degrees of redness, blueness and greenness). All other color concen- 
trates, with the exception of those from Valencia ground whole peel and 
"frits," were about the same in tristimulus values. These values for color 
from Valencia ground whole peel and "frits" were somewhat lower. Flavor 
Studies on orange juice concentrates with these color fractions added 
indicated the products were acceptable when the color was blended with 
essence and distilled oil or cold-pressed oil to make a highly colored oil 
and this was blended with the juice. Exceptions were the samples with 
color from Temples, tangerines and Hamlins, but these were satisfactory 
after such color fractions had been reprecipitated. 
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UNITED STATES DEPARTMENT OF AGRICULTURE 


AGRICULTURAL RESEARCH SERVICE 


LIST OF CITRUS PUBLICATIONS 


AND PATENTS 


(September 1, 1970 - August 31, 1971) 


Reprints of publications may be obtained without cost by 
addressing request to the Laboratory listed. 


Patents may be obtained only by purchase from the U. S. 
Patent Office, Washington, D. C. 20250, for 50 cents each. 


SOUTHEASTERN MARKETING AND NUTRITION RESEARCH DIVISION 


CITRUS AND SUBTROPICAL PRODUCTS LABORATORY 
600 Avenue S, N. W. 
Winter Haven, Florida 33880 


GAS-LIQUID CHROMATOGRAPHY IN THE STUDY OF THE MAILLARD BROWNING REACTION 
M. L. Wolfrom and N. Kashimura 
CONTRACTOR: The Ohio State University, Columbus, Ohio 
Carbohyd. Res. ll, 151-152 (1969). 


CITRUS PRODUCT COLOR ENHANCEMENT USING EXTRACTS OF PEEL OF DIFFERENT 
VARIETIES 

T. J. Kew and R. E. Berry 

J. Food Sci. 35: 436-439, 1970. 


DEGRADATION OF D-GLUCOSE WITH ACETIC ACID AND METHYLAMINE 
G. R. Jurch, Jr., and J. H. Tatum 
Carbohyd. Res. O52 23372397 119704 


LIMONENE REDUCTASE SYSTEM IN THE ORANGE 
V. H. Potty and J. H. Bruemmer 
Phytochem. 9 °2319=2321, 11970. 


NOOTKATENE FROM CITRUS SINENSIS 
E. D. Lund, R. L. Coleman, and M. G. Moshonas 
Phytochem. 9: 2419-2422, 1970. 


LIMONIN IN FLORIDA CITRUS FRUITS 
WorC. Scott 
Proc. Fla. State Hort. Soc. m3: 2/0-2/7, 1970. 


EFFECT OF TEMPERATURE ON CENTRIFUGAL SEPARATION OF COLD-PRESSED ORANGE 
OIL 

R. E. Berry and P. Casals 

Proc. Fla. State Hort. Soc. OOF 3LO-31SHelI7Gs 


BIOCHEMICAL CHANGES IN GRAPEFRUIT DURING ANAEROBIC METABOLISM 
J. H. Bruemmer and B. Roe 
Proc. Fla. State Hort. Soc. BSIN2Z90=294 (819703 


ANALYSIS OF VOLATILE FLAVOR CONSTITUENTS FROM GRAPEFRUIT ESSENCE 
M. G. Moshonas and P. E. Shaw 
J. Agr. Food Chem. 19(1) 119-120, 1971. 


2,3-DIHYDRO-3 , 5-DIHYDROXY -6-METHYL-4H-PYRAN-4-ONE, A DEGRADATION PRODUCT 
OF A HEXOSE 

P. E. Shaw, J. H. Tatum and R. E. Berry 

Carbohyd. Res. 16: 207-211, 1971. 


TRAPPING VOLATILES FROM GLC FOR INJECTION INTO A MASS SPECTROMETER 
M. G,. Moshonas and P. E. Shaw 
Appl. Spectry. 25(1) 101-102, 1971. 
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SUBSTRATE SPECIFICITY OF CITRUS ALCOHOL: NAD OXIDOREDUCTASE 
J. H. Bruemmer and B. Roe 
J. Agr. Food Chem. 19(2) 266-268, 1971. 


ORANGE PEEL COLOR EXTRACT: ITS USE AND STABILITY IN CITRUS PRODUCTS 
R. E. Berry, O. W. Bissett and T. J. Kew 
J. Food Sci. 36: 367-369, 1971. 


A GAS CHROMATOGRAPHIC PROCEDURE FOR ANALYSIS OF AQUEOUS ORANGE ESSENCE 
M. G. Moshonas and E. D. Lund 
Jan BOood-Sci. 36(1) 105-106, 1971. 


A RAPID GAS CHROMATOGRAPHIC METHOD FOR STUDYING VOLATILE CARBONYL 
COMPOUNDS FROM ORANGE JUICE AND THEIR CHANGES DURING STORAGE 
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WESTERN MARKETING AND NUTRITION RESEARCH DIVISION 


WESTERN REGIONAL RESEARCH LABORATORY 
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K. L. Stevens. 
Wie Sci. Food Agr. 2l: 593-96, Nov. 1970. 


LIQUID CARBON DIOXIDE FOR SELECTIVE AROMA EXTRACTION. 
W. G. Schultz and J. M. Randall 
Food Technol. 24(11): 94-98, 1970. 


DYNAMIC TURBULENCE PROMOTION IN REVERSE OSMOSIS PROCESSING OF LIQUID FOODS 
E. Lowe and E. L. Durkee. 
J. Food Sci. 36: 31-32, 1971. 


SOLID-LIQUID PHASE EQUILIBRIA IN MULTICOMPONENT AQUEOUS SUGAR SOLUTIONS 
S. K. Chandrasekaran and C. Judson King. 
J. Food Sci. 36: 699-704, 1971. 
(Research done under grant to University of California, Berkeley). 


THE ANTIMICROBIAL ACTIVITY OF CITRAL 
K. L. Stevens, L. Jurd, A. D. King, Jr., and K. Mihara. 
Experimentia 27: 600-2, 1971. 


CITRIC ACID METABOLISM IN THE FRUIT TISSUES OF CITRUS ACIDA 
C. V. Ramakrishnan. 
Curr. Sci. 40(5): 97-100, March 5, 1971. 
(P. L. 480 grant, M. Ss. University, Baroda, India). 


. -COMUSIMOS ISTAINA IMA AVOTANTOON FO SaWIAV Gyovensne GA ASAI 
Ticd? .G .4 boas ,ispsheud .D .0 ,eneves ae 
~OCCL vo” £04088 71S aah R004 £98 
sMOITASLIYOOTCOHT FAIUISAZOMARTHL IASI wa-—oe Sor Pee . D 
-ehevet2 a 
‘EL svolt ,9€-EGE : 1S ap Boot aie .t 

atta 
1TOAPINA AMOAR SAVIMsiza Ao JALXOIT MH eahD OT 

(fat ‘L $oag 3 iuisei.d Ww 

be siJI)8S Jlonisety Sage 


x 


‘ae 

it 
1 
.e 


£ 
my 


Mont GouaIE 
asisic Lf <8 baw awol 
+\@f' .Se=fF Le i328 ap a7 


C 
Pa 
oS 
be 
~ 
for 
tt 
, 
ab | 
} 
} 
& 
? 
3 
SS 
| oa 
-~ 
y 
2) 


MOLL MOG AAQUE GHOTUCA THEMOIMCOTTSUM AT APMATI1UNS seat amon Ble 
-pol® noahyc. .9 Bos patients Pe Ps 


{vet ,s0T-e63 ot “2 00m t 


-(yefeatres .einxotifsd to Y?iarsvinl oF tasiy sehr F anob Hones pati) 
+ q 

2 IAXT IO 40" YOIVIPOR JATACAS IMS THA 

-63A0IM .% Doe Pe 4 ILS , AP a vil. a kffeovese ata « ’ 


ATED 5-008 20S sis 


; — Sal eee ae joey 
AGIDA fis 10 2a02@IT, TIUAT SAY MI METIONSTaN OTOA STARS 
. npcrte tapes a¥ VU 
ae. -£T@L \2 doxeM ,0OL-\e 4(2)0 lise > oe 
\GLoal ,sboxzsh ,»yvytteaxyevinu ve . <oraetp 08d: it - 
’ 


WESTERN MARKETING AND NUTRITION RESEARCH DIVISION 


FRUIT AND VEGETABLE CHEMISTRY LABORATORY 
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U. S. Patent 3,583,894. June 8, 1971. 


90 WOITAMIT22 avez 


ns 
| 


CAIVIA AK 


atim re 
arly 


WOL2TVIG HOAAS2S9 MOITIATUN Awa one 


YHOTATOUAT YaAPEIMSHS ausAvans 


55 t pa] 


FDLIUL 2OMAGO JSVAM ANTTIEHOM ONuToUCGaRE 808 20OnT ar 


ww 


igus Baa .oyeristd .9 ine » FOO: 


SO20L WOMS4 FO SaITHaIONS JAA rode. =. 


S 
ATAVUAYSIYUSNS MOAT ATAMAMUTI=2uAR ar 


eetT TIUAT G0ATID Wi YTAVITOR JaAvI-Ar MOHMA SME 


fODUU.ID SMOSTAHDOACYHTA wITSHS 


prs! 


aunavA tadead) aapo8 cas ~ 
Qs Ae =f Bit tOt7 fs ,snsbsesT 


MOITASIYUITHAAI =. TT MOT RARER TOA 


304 6 JOH 


oveL \T-20e ; leper ‘oy 


eo 
| Soopt eb sy 
Over ,8l<"ie <2e°y sud 


(‘TuwIgsdAsD ‘$0. 2TOAg ; 
IsisM .9 VY bas away 
.OFeL .TA-EBSE ze, : 


Ba. 


ALIOWINT ATSAHGIS 
ssidw .t aa fois mts 
-ONRL Tenth (BYE on 


SweosasH nine brs tela 9 Vo oq Mie 
iver .ef-ri0 10 


veH .D .A Bos .193eWoxd i Sas toie 
EVOL ata ae: 


Pose 
sea 0, DI TARAT 


iftgaep 6 8 tworor 
vel SO aah £ gmese4 


a, 
: 


on ) 
- 


